The renewable energy source plays a major role in the grid side power production. The stability analysis is very essential in the renewable energy converters. In this paper the bifurcation is analyzed in ZETA converter and Continuous input and output(CIO) power Buck Boost converter.
Introduction
Nowadays the dc to dc converters are superior converters with renewable energy source. To get the pollution free environment, these converters plays a major role in DC micro grid applications and Electric Vehicle applications. The nonlinear analysis like bifurcation and chaos in dc to dc converter are used to study the complex behavior under load and line variation. This complex behavior commonly observed in the basic power electronic converters to find the stability region. By varying the different bifurcation parameters like load resistance, reference current and voltage etc., the converter loses its stability [1]- [4] .
Due to the inherent non-linearity present in the power electronic converter, the behavior of the system does not remain the same when the system parameter changes. This qualitative change in the system behavior is termed as bifurcation [5] - [7] .Two different types of bifurcations are fast scale (period doubling) and slow scale bifurcation (Hopf Bifurcation). By varying the load resistance and input voltage of the converter, the system loses the fundamental operation and it enters into chaotic region through period doubling [8] - [10] .
The continuous input and output power dc to dc converters are widely used in renewable energy sources for maximum power utilization. These converters act as the pre regulator for single phase and three phase unity power factor ac to dc converters. The two dc to dc converters or dc to ac inverters operating in anti-parallel with or without transformer isolation are used in grid connection applications. This type of buck boost converters is used not only for continuous input output current applications; it can also be used for controlling the voltage down to zero with negative polarity output [11] .
This nonlinear behavior can be theoretically analyzed using the Monodromy matrix approach. The stability region can be found by the movement of Eigen values determined from the above matrix [12] - [14] . The zeta converter is used in switched mode power supply with high efficiency in a low cost. This converter can be used to step down or step up the voltage with continuous mode of operation [15] - [16] . When the duty ratio is reduced into very low value ZETA converter goes to discontinuous mode of operation, but the CIO power converter operates in continuous mode only. The stability analysis of these types of converters is very essential to find the boundary between stable and unstable region. From the above literature review it is observed that the bifurcation behavior is analyzed first time in the new topology of CIO power Buck Boost converter. The converter operation is compared with ZETA converter also. This paper is organized as follows. Section 2 reviews the Current Mode Control and the simulation results. In section 3 presents the Monodromy matrix approach. Conclusion is given in Section 4.
Current Mode Control
The bifurcation behavior is analyzed using the current mode control technique. In the ZETA converter the reference current is compared with the average of two inductor current values as shown in Fig 1. The compared value is fed to the reset of the SR flip flop. The flip flop is set by the clock pulse with the designed switching frequency. When the actual current is greater than the reference current, the flip flop output goes low, thus the switch is turned off and vice versa. Capacitors C1 and C2 680nF C1=10microF, C2=0.6microF
Case 1: Simulation Results of ZETA converter

Fundamental Operation
The most common and perhaps the only acceptable operating regime employed in practical power supplies is the fundamental periodic regime. Fig .3 shows the inductor current and capacitor voltage waveforms with the corresponding gate pulses for the fundamental operation for the three bifurcation parameters. 
Period 2 operation
One of the routes to chaos is by period doubling i.e., the period of the limit cycles doubles as the parameter is varied. The doubling occur in smaller and smaller intervals until, in a finite interval, infinitely many period doubling occurs like period 2, period 4, 8, 16,….infinitely. When reference current reaches 0.598A, the inductor current and capacitor voltage waveform for period doubling is shown in Fig.4 . Figure. 4. Period doubling with Iref = 0.598A
Chaotic operation
In chaotic region, the spectrum has continuous and broadband nature. Needless to say, conventional power supply designers have always banned this type of operation in their final products, although they could hardly avoid encountering it in the work bench. When the reference current further increased it shows the chaotic waveform as shown in Figure. 
Case 2: Simulation Results of CIO Power Buck Boost Converter
The non-linear characteristics of the converter is analyzed by varying the reference current and the behavior of the circuit is observed. The reference current is set and compared with the inductor current. The switch is turned off when both the currents become equal and turned on according to the clock. The simulated waveform for designed voltage level is shown in Figure. 6.The variation in I ref shows different operating regions of the converter. When the reference current reaches 2.2 A, the fundamental periodic operation is found. The output waveform for stable operation is shown in Figure.7 . When the reference current is further increased, the converter loses its stability and it is entering into chaotic region through period doubling bifurcation as shown in Figure. Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 November 2019 doi:10.20944/preprints201911.0288.v1
3.Monodromy matrix analysis
The monodromy matrix is derived for both ZETA and CIO Buck Boost converter to find the stability region of the converters.
Monodromy Matrix Approach for ZETA converter
The mode 1 and mode 2 equations are derived from the operation of the ZETA converter as given in equation (1) and (2).
During Where the state variables are x1=iL1, x2=iL2, x3=Vc1 and x4 =Vc2.
The switching condition is given by
The equiavalent duty ratio is derived from the mode equation and switching condition is given The partial differential equation of the switching function from equation (4) is given as 0 =   t h (7) The first saltation matrix for the switching event from ON state to OFF state is given as: 
The Monodromy matrix is derived using Saltation matrix and state transition matrix is given by:
Where S2 is the second saltation matrix for the switching event from Off state to On state
The Eigen values can be calculated using the Monodromy matrix as shown in Table. 2; it is clearly shows that, when the reference current reaches the 0.598A, the Eigen values crosses the unit circle.
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3.2.Monodromy matrix analysis for CIO Power Buck Boost Converter
The monodromy matrix method combines the concept of Floquet theory and Flippov's method [13] . The state matrices for the ON and OFF periods are given by: Where the state variables are x1=iL1, x2=iL2, x3=Vc1 and x4 =Vc2. The switching condition of the current mode control is given as: The Eigen values can be calculated using the Monodromy matrix equation (15) and it is clearly shows that one of the Eigen value crosses the unit circle, when the reference current is reaches above 2.2A as given in Table. 3 
4.Conclusion
The stability region of positive output ZETA converter and negative output CIO Power Buck Boost converter were found by simulation results and theoretically by Monodromy matrix approach. It shows that the both the converters loose its stability and enters into chaotic region through period doubling bifurcation. That can be verified by the unit crossover of Eigen values from stable into unstable region. These stability analyses are used to choose the design parameters of the converters within the stable operating region, which can be used in various renewable energy applications. 
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